The commercial cultivation of Pleurotus has increased because the growth substrates are relatively inexpensive and can be obtained abundantly from agricultural, forestry and related industrial activities. The Pleurotus species is now the third most cultivated mushroom in the world with an annual production approaching 1 megaton.
P. eryngii var. tuoliensis, known as bailingu oyster mushroom Shiroawabitake in Japanese 13 , is a good source of dietary fiber and valuable nutrients. Shiroawa bitake is an edible mushroom available in the Chinese market and is imported and cultivated in Japan 14, 15 . Shi-ponents with therapeutic activities, such as modulation of the immune system, and inhibition of tumor growth 16, 17 . P.
cystidiosus, also known as the summer oyster mushroom Ohiratake in Japanese , has oyster-like tastes, but is of vegetable nature 18 . P. cystidiosus was described by
Miller 19 and its anamorphic state was assigned to hyphomycetes as Antromycopsis macrocarpa. P. cystidiosus has a global distribution with a marked preference to warmer climatic zones and grows on diverse angiosperm hosts 20, 21 . We previously reported the volatile oils of edible mushrooms 22 25 . However, no detailed studies on the aroma of P. eryngii var. tuoliensis and P. cystidiosus by sensory evaluation have been reported. In flavor analysis, gas chromatography-olfactometry GC-O is the most widely used method for the evaluation of odorants. In particular, GC-O, including aroma extract dilution analysis AEDA , is a useful method to estimate the contributions of the most odor-active components by sniffing analysis. In the sniffing analysis of the serial dilutions of a volatile oil, the volatile components can be ranked according to their odor potency 26 . Odor potency is expressed as the flavor dilution FD factor which is the ratio of the initial concentration of a component to its most diluted concentration at which the odor can still be detected by GC-O. The aim of this study is to investigate the characteristic odor components of the volatile oil of wild mushrooms by the AEDA method.
EXPERIMENTAL PROCEDURES

Plant materials
P. eryngii var. tuoliensis and P. cystidiosus were harvested all the from Fukushima prefecture of Japan in September 2011. The plant was identified of the plant was performed, and a voucher specimen was deposited, at the biotechnology laboratory of Kinki University, Osaka, Japan.
Isolation of the volatile oil
P. eryngii var. tuoliensis 200 g and P. cystidiosus 200 g were hydrodistilled for 3 h using a Likens-Nickersontype apparatus in diethyl ether. The yields of the oils were 0.020 P. eryngii var. tuoliensis and 0.013 P. cystidiosus . The oils were dried over anhydrous Na 2 SO 4 and stored at 4 in a refrigerator prior to the analyses.
Gas Chromatography-Mass Spectrometry GC-MS
The GC-MS experiments were carried out using an Agilent 6890 gaschromatography-5973 MSD mass spectrometer. The samples were analyzed using a fused-silica capillary column, HP-5MS 5 phenyl 95 polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 μm and DB-WAX polyethylene glycol, 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed from 40 to 260 at a rate of 4 /min and held at 260 for 5 min. The flow rate of the carrier gas He was 1.8 mL/min. On the DB-WAX column, the oven temperature was programmed from 40 to 240 at a rate of 4 / min and held at 240 for 5 min. The injector and detector temperatures in the MS source reached 230 , and the ionization energy was 70 eV. The mass range was 39-450 amu. After 6 mg of the oil was diluted with 500 μL of diethyl ether, 1 μL of the diluted sample was injected, and the split ratio was 1:10.
Snif ng test by GC-MS/Olfactometry
A trained panel of sensory evaluation specialists measured the odor intensities of the main aromatic constituents of Pleurotus spieces. Ten panellists, aged 22 to 54 years 8 males and 2 females, members of Kinki University, Japan , participated in this study. The sniffing test by GC-O was carried out using an Agilent Technologies-6890N gas chromatograph equipped with an Agilent 5973 MSD mass spectrometer and sniffing port ODP 2 Olfactory Detector Port 2, Gerstel . The GC instrument was equipped with a HP-5MS column 30 m 0.25 mm i.d., film thickness 0.25 μm . The sample was injected into the GC in splitless mode. The GC effluent from the capillary column was split in a 1:1 v/v ratio between the MS and the sniffing port. The oven conditions, injector and detector temperatures, the carrier gas, flow rate, and ionization mode were the same as those described above for the GC-MS.
Aroma extract dilution analysis
The result was expressed as the FD-factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil in which the odor can be still detected by GC-O. The highest sample concentration 10 mg/mL was assigned to an FDfactor of 1. The volatile oil was stepwise diluted with diethyl ether 1:1, v/v , and aliquots of the dilutions 1 mL were evaluated. The process was stopped when no aromas were detected by the evaluators.
Identi cation of compounds
The identity of the odor components of the oils was confirmed by comparing their mass spectral data from Wiley, Mass Finder 4, NIST02 libralies, published data 27 and our previous studies 28 42 and the retention indices RIs with those of the standards or the RIs reported in the literature. The RIs were calculated using a series of n-alkanes C 8 C 27 on two columns of different polarities Table 1 .
Quanti cation of odor components
The odor components of the oils were quantitatively analyzed by internal standard addition method alkanes C 12 and C 19 . The volatile oil was diluted 100 times with diethyl the volatile oil from Pleurotus sp.
ether to a 1 mL volume, and 5 μL of a mixture of C 12 and C 19 1 mg/mL was added to the diluted oil. Then, the samples were subjected to GC-flame ionization detector FID analyses. The quantitative analysis was performed on the based on the calibration curves for 1-methyl-2-propanol 1 , 3-methylbutanol 3 , pyridine 5 , hexanal 11 , methylpyrazine 12 , hexanol 15 , heptanal 18 , methi- 
RESULTS AND DISCUSSION
Volatile chemical constituents of Pleurotus sp.
The hydrodistillation of the P. eryngii var. tuoliensis and P. cystidiosus afforded yellow volatile oils, in 0.002 and 0.013 w/w yields, respectively. The P. eryngii var. tuoliensis oil had a sweet-potato-mushroom like odor, while, the P. cystidiosus oil had a garlic-mushroom like odor.
As shown in Table 1 , a total of 52 and 54 components P. eryngii var. tuoliensis and P. cystidiosus were identified Fig. 1 , followed by nitrogen-containings derivatives 13.0 , and alcohols 12.1 . In particular, the characteristic nitrogen-containing components were 1-acetylimidazole 29 , 2-methyl-5-1-methylethyl pyrazine 38 , and 3,4,5-trimethylpyrazole 51 . These derivatives were first identified from the oil of the Pleurotus species 43 45 .
GC-O, AEDA, and odor activity value OAV
The aroma-active components identified in the P. eryngii var. tuoliensis and P. cystidiosus oils are listed in Table 2 along with their odor description and RIs. A total of 16 and 13 odor components were identified from the P. eryngii var. tuoliensis and P. cystidiosus oils, respectively. A comparison of the GC-MS and the corresponding FD chromatogram FD-factor vs. RIs of the odor-contributing components is shown in Fig. 2 and 3 . The FD-factors of seven odor components were 16 in the P. eryngii var. tuoliensis oil. Methional 19: potato , 1-octen-3-ol 25: mushroom , and nonanal 45: sweet had the highest FDfactor FD 64 in that. The FD-factor of four odor components in the P. cystidiosus oil were 16. The most intense aroma-active components were dimethyl trisulfide 24: FD 64, garlic and 1-octen-3-ol 25: FD 64, mushroom , followed by acetophenone 41: FD 32, almond and Z -α-bisabolene 63: FD 32, burnt . These components were determined to be the characteristic aroma-active components.
OAV was used to determine the relative contribution of each of the components to the P. eryngii var. tuoliensis and P. cystidiosus aroma. The OAV was obtained based on the concentration and odor threshold of each component. Because of the unavailability of the odor threshold data in the literature, the OAVs of 2,3-dihydrobenzofuran 52 , Z -α-bisabolene 63 , α-muurolol 67 , α-cadinol 69 , dodecalactone 70 , and flourensadiol 80 could not be determined. In the P. nebrodensis oil, nonanal 45 had the highest OAV 6459 , followed by 1-octen-3-ol 25: OAV 1582 , and methional 19: OAV 1050 . These components had particularly high FD-factors, therefore, they were considered as the main aroma-active components of the P. eryngii var. tuoliensis oil. For the P. cystidiosus oil, the two most potent odor components were dimethyl trisulfide 24: OAV 2835 , and 1-octen-3-ol 25: OAV 2840 . These components showed particularly high FD-factors FD 64 , indicating that these components make the major contributions to the aroma of P. cystidiosus. In general, the components with a high FD-factor also had high OAVs, confirming the positive relationship between the FD-factor and the OAV 46 .
In conclusion, we have investigated the characteristic odor components of P. eryngii var. tuoliensis by a sensory evaluation and using the concept of OAV. sweet were estimated as the main aroma-active components of the P. eryngii var. tuoliensis oil. Dimethyl trisulfide 24: FD 64, OAV 2835, garlic and 1-octen-3-ol 25: FD 64, OAV 2840, mushroom were estimated as the main characteristic odor components among the 13 aromaactive components of P. cystidiosus by a sensory evaluation. Moreover, the sulfur-containing components in the Pleurotus sp. volatile oil may be the key aroma-active components as determined using the GC-O instrument. 
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